that had a potent genetic effect on blood pressure, implying that a hypertension gene was located in this area (2). To further narrow this quantitative trait locus (QTL) region, it is necessary to construct congenic strains that possess a small fragment of the QTL region. To achieve this task, we need to prepare densely mapped genetic markers informative for the two parental strains in the QTL region. In this study, we screened simple sequence repeat (SSR) markers available in the rat chromosome 1 QTL region and mapped them using more than 600 backcrossed rats obtained from matings between SHRSP/Izm and Wistar-Kyoto rats of the Izumo colony (WKY/Izm). We also isolated and mapped SSR markers from genomic clones of two candidate genes. In addition, we plotted several candidate genes on a radiation hybrid (RH) map and compared the linkage and RH maps. Such genetic information should be useful for the further dissection of the blood pressure QTL in this region.
Introduction
Essential hypertension is a multifactorial disease caused by a complex interaction of multiple genetic and environmental factors. Efforts over the last decade to identify the genes responsible for hypertension have been hampered by the modest effects of individual genes and by the heterogeneity of this disease (1) . One way to overcome the difficulties inherent to hypertension studies in humans is to use genetic animal models.
The spontaneously hypertensive rat (SHR) and its strokeprone substrain (SHRSP) are both excellent genetic models for human essential hypertension. In a previous study, we performed a genome-wide scan to identify chromosomal regions responsible for hypertension in SHRSP of the Izumo colony (SHRSP/Izm). We found a region on chromosome 1
Methods
We genotyped 626 backcrossed pups made while constructing congenic strains. Backcrossing was started by mating male SHRSP/Izm with female WKY/Izm, and female backcrossed rats were sequentially mated with male SHRSP/Izm.
SSR markers between D1Wox29 and D1Smu11 were obtained from a public database (www-genome.wi.mit.edu/rat/ public/). Through the screening of polymorphisms, 19 SSR markers informative for SHRSP/Izm and WKY/Izm were selected and used. The neurotrophic tyrosine kinase receptor type 3 (Ntrk3) gene was genotyped using an MspI restriction endonuclease polymorphism found in this gene (Nemoto, unpublished data). The primers used in the polymerase chain reaction (PCR) are listed in Table 1 .
SSR markers for Arix and Pace genes were isolated as described previously (3, 4) . Briefly, a rat genomic library constructed using a cosmid vector was screened with rat Arix and Furin cDNA (GenBank U25967 and X55660, respectively). Plasmid sublibraries of the positive cosmid clones were then constructed and screened with a (CA)15 oligomer. The DNA inserts of plasmid clones positive for (CA)n were sequenced to identify SSRs. Two isolated SSR markers (D1Smu12 and D1Smu13, see Table 1 ) were polymorphic between SHRSP/Izm and WKY/Izm. Primer sequences and PCR conditions for these markers are listed in Table 1 .
The β-arrestin 1 (Arrb1) gene was mapped on the RH panel, T55v3 (Research Genetics, Huntsville, USA). PCR for mapping was conducted using primers designed according to GenBank sequence data (M91589, see Table 1 ). RH mapping was performed using the genotype data available at www.well.ox.ac.uk/rat_mapping_resources/ (5). Both linkage and RH mapping were carried out using MapManager QTb28 software (6) (mapmgr.roswellpark.org/).
Results and Discussion
First, we mapped 22 markers informative for WKY/Izm and SHRSP/Izm by linkage analysis. The results are summarized in Table 2 . The averaged distance between the mapped markers was 0.6 cM. LOD scores for the markers were between 137 and 185.
On comparing the linkage map with the RH map, no crossing-over was found between the marker loci, suggesting the robustness of this linkage map (Fig. 1) . However, the corresponding length of the linkage map was estimated at approximately 50cR 3000 /cM, much larger than reported previously (5, 7) . This result indicated that our linkage map was shorter than those reported previously. One possible explanation for this is the variation in recombination rates among (8) . In fact, the distance between D1Wox29 and D1Rat43 was about 160 cR on the RH map and 5.6 cM on the linkage map, while that between D1Rat43 and D1Smu11 was about 420 cR and 6.6 cM on the respective maps (Fig. 1) . Assuming that the RH map was not distorted between the chromosomal regions, we interpret our result to mean that the recombination rate per physical chromosomal length was greater between D1Wox29 and D1Rat43 than between D1Rat43 and D1Smu11.
As shown in Fig. 1 , this region covers the 10:1 confidence interval for the blood pressure QTL. Further, preliminary observations on congenic strains indicated that the blood pressure of the congenic strain that inherited the SHRSP-derived chromosomal fragment covering this region was 10-15 mmHg higher than that of WKY (Nabika et al., unpublished observation). These results strongly suggested that the putative hypertension gene was in this chromosomal region. Accordingly, we mapped several candidate hypertension genes in this region. Among the four genes studied, Arix, a transcription factor regulating the expression of the dopamine β-hydroxylase, and Ntrk3 may contribute to the development of the sympathetic nervous system (9, 10) , while Arrb1 regulates the function of β-adrenergic receptors (11) . The calcitonin gene-related peptide, a product of the Calca gene, is a modulator in the sympathetic nervous system (12) . Considering that the sympathetic nervous system plays an essential role in regulating blood pressure (13) , these genes must be good physiological candidates for a hypertension gene. It is therefore interesting to see whether there are sequence variations between SHRSP and WKY in the coding region as well as in the regulatory region of these genes.
Another advantage to mapping candidate genes in the QTL region is that such mapping makes it possible to compare genomic maps between humans, mice and rats (3) (4) (5) . According to our results and those of others, the region including Pth and Calca in rats corresponds to human 11p15, while the region containing Pace and Ntrk3 and that including Arrb1 and Arix are homologous to human 15q25 and 11q13, respectively. Genetic studies in humans have identified blood pressure QTLs close to the latter two regions (14, 15) , warranting further analysis.
Because the QTL region is still quite large, it is necessary to further narrow it by making multiple subcongenic strains harboring small fragments of this chromosomal region (16) . The information provided in this study should prove useful in both the construction and analysis of such congenic strains. 
